This paper discusses about methods for detection of leukemia.
INTRODUCTION
There are different types of white cells in our body. Leukemia is nothing but cancer of blood cells in which number of white cells is increasing and those are immature cells that destroy other cells. Today laboratory test takes longer interval of time to diagnose the disease of leukemia and it is also time consuming, prone to human error and also tedious. The ratio of white blood cell in our body is 1000:1. It means that 1 white blood cell is present between 1000 red cell. So if number of white blood cells increase remarkably in large number then the person is succumbed to suffer from the leukemia. It further falls into two type: acute and chronic. If number of white cell is increasing in our body then this immature cells start destroying another cells of our body.
Here task is to detect immature cell using different image processing techniques and count total number of cells. So we need to use the technology that identifies different types of blood cells within short duration of time in emergency. Furthermore it is vital to study in detail how to differentiate different cell and recognize it as immature cell and according to it, detect the leukemia. Acute and chronic also have two types. 1) Lymphocytic and 2) myeloblastic that both are due to immature blast of lymphoid and myeloid cell respectively.
The task can be improved and performed in near-real time environment using biomedical image processing. Here formation of lymphoid and myeloid cells of series is shown in figure 1 . Figure 1 has been taken from web sources [22] . 
RATIONALE
Various methods have been applied to automate the task to find out leukemia cells and count it.
Watershed transform
Lim Huey Nee et al. proposed methods for segmentation of white cells based on morphological operation, gradient magnitude and watershed transform. First image acquisition techniques is used then segmentation is done to separate the blast cell and back ground. For this method, first the RGB image is converted into HSV color model and saturated component is extracted for further processing and then find the gradient magnitude for the saturation component. This is used for edge detection. Moreover, sobel, canny, prewitt operators are used for the edge detection. After extracting the white cells from the image and elimination of the background and red cells, dilation or erosion process is carried out. Then watershed transform is carried out to separate the connected cell. Thus, leukemic cell can be identified and this method gives very accurate result [2] . But the exact separation of cells cannot be done using this method. The process flow is shown in figure 2 . Figure 2 (a) has been taken from web sources [23] . Process flow is shown in figure 3 that is used to separate white cell and red cell using K-means clustering method. 
Histogram Equalization and Linear Contrast Stretching
Raje, Chaitali, and Jyoti Rangole suggested method to detect white cells. To perform this operation, image is first converted from RGB to gray level and for contrast enhancement, histogram equalization process is used. Then statistical parameter like mean and standard deviation is calculated and erosion or dilation technique is used for morphological operation. Here sobel operator is used to detect the edge of cells. After that some shape based features can also be implemented if needed [6] . Process flow s is given in figure 4 . Process flow is shown in figure 5 . Figure 5( In section 3.1 algorithm is given for performing different image processing operation on leukemia detected images. This algorithm is useful to detect number of overlapping and non-overlapping cells or to count red and white cells. First RGB image is converted into gray level to reduced dimension of image. After that thresholdig method is used to convert the image into binary form for more accurate analysis Otsu's method is best for thresholding, After that some morphological operation like area opening, closing, erosion, dilation. Here, area opening is performed to remove connected component Dilation is techniques to add pixels to boundary of objects and erosion is used to remove the pixel on object boundaries. After detecting the boundary of object, hole filling operation is performed that is used to detect perfect cell. 
Algorithm to Count the Cells
After that hole filling operation, boundary is detected around the cells. To detect object boundaries many operators are used like sobel, prewitt, canny, etc. after define the boundary of object, many shape based features, like major axis, minor axis, area, perimeter, standard deviation, radius, roundness can be found. Radius, roundness, standard deviation can be found by given formula:
Where X= (Mean)
According to value of major axis and minor axis, number of over lapping cells and non-overlapping cells can be detected. According to detection of cells, number of cell can be counted. Figure 6 (a) shows original image, figure 6(b) is gray image of original image. Figure. 6(c) is binary image of original image and after that area opening is performed in figure 6(d) .
Hole filling operation is defined in figure 6 (e). After that boundary is defined for each object that shown in figure 6 (f). Figure 6 (g) is defined overlapped cell with the value of major axis. Figure 6 (h) and figure 6(i) shows radius and roundness of cell. Figure 6 (j), figure 6(k) and figure 6(l) represent features like centroid, standard deviation and bounding box of cells respectively. This algorithm is performed on MATLAB platform. In MATLAB, 'region props' properties are used to find area, roundness, centroid, major axis, minor axis, standard deviation, etc.
Here the number of actual objects or cells (red cells+ white cells) are 92. Here, number of non over lapping and overlapping cells are detected is 68 and 11 respectively. So the cells which are overlapped on each other are calculated as (X*2). Where X is number of overlapped cells. So (11*2=22). Thus, according to algorithm total number of cells are 90. This result is very accurate and nearly equal to actual result. Because actual count is 92. So shape based features are more accurate and gives 97.8 % accuracy. Hence proved. 
Experimental Results

